Normal and Abnormal Liver Function
There are many liver tests, but all generally have low sensitivity and specificity.
Tests for Liver Function:  serum bilirubin, serum albumin, prothrombin time (PT).
Tests for Liver Injury:  liver enzymes, antibodies, viral markers.
Bilirubin
Heme is converted to unconjugated “indirect” bilirubin.  This is insoluble and cannot be excreted 
in the urine.  Indirect bilirubin is carried by albumin to the liver, where it is conjugated 
into “direct” bilirubin.  This is soluble, enters the blood, and is excreted in urine.

Normally, direct bilirubin accounts for less than 20% of total serum bilirubin.

Direct bilirubin is also a major component of bile.  The bilirubin is made into urobilinogens 
(colorless compounds) by bacteria in the gut.  Some urobilinogens are oxidized into a brown 
pigment that makes feces brown.  Some urobilinogens enter the blood and are turned into 
urobilin, which is what makes urine yellow.  Although urobilinogens are colorless, they can 
be detected using Ehrlich reagent.
Hemolysis will increase the amount of indirect bilirubin.  It will also cause jaundice.

Gilbert’s Syndrome increases the amount of indirect bilirubin in response to fasting!
Liver diseases such as acute hepatitis present with dark colored urine!  This is because patients 

can make direct bilirubin but can’t excrete it, so direct bilirubin spills into the blood.  

Blood levels of direct bilirubin will be high, urine will be dark, and they’ll have jaundice.

Biliary obstruction such as cholelithiasis will present with light colored stools and dark urine.  
The reasons are pretty much the same.  There will also be jaundice.
Differential diagnosis for jaundice:

	
	Hemolysis
	Liver Disease
	Biliary Obstruction

	Bilirubin levels
	Increased indirect bilirubin
	Increased direct and total bilirubin
	Increased direct and total bilirubin

	Urine color
	Normal
	Dark
	Dark

	Stool color
	Normal
	Normal or light
	Light

	Urobilinogens
	Increased
	Normal or decreased
	Decreased


Aminotransferases  (AST, ALT)
​--Poor correlation between level of elevation and extent of liver damage.
--Best screening test for acute liver disease.

--Rapid decline from high levels suggests single episode of necrosis (hypotension or fulminant hepatitis).

--In alcoholic liver disease, elevations are low (<300) with AST > ALT.  


Elevations will be high if an alcoholic takes acetaminophen because alcohol induces 
enzymes to metabolize acetominophen into a toxic metabolite.  See below.
Alkaline Phosphatase, 5’ Nucleotidase, and GGT
Alkaline Phosphatase is elevated in extrahepatic biliary obstruction, intrahepatic cholestasis, 
liver neoplasms, liver granulomas, pregnancy, and bone diseases such as Paget’s disease.
Blockage of Alkaline Phosphatase excretion (via bile) will induce more synthesis, leading to 
high blood levels.
Alkaline Phosphatase can be synthesized by many organs – it’s not liver specific.
5’ Nucleotidase is a type of phosphatase that is liver specific.  It is used to establish that the 
source of elevated Alkaline Phosphatase is in fact the liver.
Gamma glutamyl transpeptidase (GGT) is also used to establish that the source of elevated 
Alkaline Phosphatase is the liver.  GGT is elevated in extrahepatic biliary obstruction, 
intrahepatic cholestasis, and chronic alcoholism.
(Raymond removed an image summarizing AP secretion in normal, hepatitis/cirrhosis, and cholestasis.)
PT, Albumin, Globulins
Prothrombin Time (PT) will be increased if there’s Vitamin K deficiency.  The Vitamin K-dependent 
factors are II, VII, IX, and X..
Serum albumin will be decreased if there’s liver disease or malnutrition.

Hypergammaglobulinemia reflects different disease states:


High IgG is a sign of chronic liver disease


High IgA is a sign of alcoholic liver disease


High IgM is a sign of primary biliary cirrhosis

Porphyria Cutanea Tarda
Caused by a deficiency in uroporphyrinogen decarboxylase.

Urinary uroporphyrins will be elevated.

Main sign is cutaneous photosensitivity.  Sun-exposed areas develop lots of blisters and cysts.

Leads to liver cirrhosis, cancer, and iron sequestration.
Cholestasis
Cholestasis is a decrease in bile flow.  Bilirubin stagnates in the liver and spills into blood.
Labs show increased direct fraction of bilirubin (>20%), bile acids, alkaline phosphatase, 

5’ Nucleotidase, and GGT.  No elevation in serum aminotransferases.

Patients will complain of jaundice and pruritus!
Has tons of causes, which fall under the broad categories intrahepatic cholestasis and 
extrahepatic biliary obstruction.

**Primary Biliary Cirrhosis is a major cause of Cholestasis.  Occurs almost only in women.

Patients complain of jaundice, pruritus, and xanthomas.

Patients will have +AMA (anti-mitochondrial antibodies).

Treatment for Primary Biliary Cirrhosis:


--Cholestyramine to sequester bile and bilirubin



--Ursodeoxycholic acid to dilute the pool of static bile acids


--Calcium, Vitamin D, and Bisphosphonates as supplements

Non-viral Hepatitis
Alcoholic Hepatitis is more associated with female sex and with deficient aldehyde dehydrogenase 


(this deficiency is what causes “Asian flush” when drinking.  High risk for cirrhosis).

Aminotransferases will be mildly elevated, with AST > ALT.

Drug-induced Hepatitis may be caused by tons of drugs, including acetaminophen, halothane, 
methotrexate, chlorpromazine, isoniazid, methlydopa, phenytoin, anabolic steroids.
Acetaminophen hepatotoxicity is dose-dependent, and occurs more easily in alcoholics.  


The active toxic metabolite is N-acetyl-p-benzoquinone imine.

Treated with N-acetyl cysteine only if caught within the first 16 hours.  


Otherwise, a liver transplant is necessary.  Yikes.


Day 1 – anorexia, vomiting.


Day 2 – symptoms go away, patient feels fine.


Day 3 – overt hepatitis sets in.  Hypoglycemia, jaundice, prolonged PT.  Often fatal liver failure.

Pathology shows centrilobular necrosis with periportal sparing.
Autoimmune Hepatitis usually presents acutely with extrahepatic symptoms such as pain, 

amenorrhea, acne, anorexia, fever, arthralgias, arthritis, and rash.  

The major pathological clue is tons of plasma cells in the portal tracts.


Usually it’s “Type 1” autoimmune hepatitis.  This occurs generally in younger adult females. 


They will be ANA positive and have hypergammaglobulinemia

Often have Sjogren’s, RA, thyroiditis, or other autoimmune conditions.
